Postvaccinal encephalitis (PVE) has been the most dreaded complication of the smallpox vaccination with high mortality and sequelae among survivors. The etiology and pathogenesis of PVE have been subjects of much controversy. Close correlation of PVE with major reaction of vaccination locus has been pointed out and viral pathogenicity as a trigger of an allergic mechanism was supposed to be responsible for the pathogenesis of PVE. Attempts to isolate infectious vaccinia virus from the brain tissue of PVE cases gave controversial results. Thurnbull and Mclntosh (1926) and Angulo, Pimenta-de-Campos and de Salles-Comes (1964) reported isolation of vaccinia virus from the brain tissue of lethal PVE cases. Gurvich, Movsesyants and Stepenenkova (1975) isolated virus from cerebrospinal fluid from 5 non-lethal PVE cases. But there are much more reports of negative virus isolation from the central nervous system of PVE cases (Greenberg and Applebaum, 1948; Verlinde, 1951; Terzin et al., 1974; Kurata, Aoyama and Kitamura, 1977) . Okudaira et al. (1973) and Kurata, Aoyama and Kitamura (1977) demonstrated the presence of vaccinia virus antigen in meninges and neurons in the brains of fatal PVE cases by immunofluorescence (IF) staining, with several cases giving positive IF staining only after treatment with NaSCN to dissociate the antigen-antibody complex (Dandliker et al., 1967) . Virus isolation was unsuccessful in all cases (Kurata et al., 1977) . These findings strongly suggested the participation of virus pathogenicity in the genesis of PVE syndrome.
Experimental studies of vaccinia pathogenicity have been attempted in mice (Cassel, 1957; Briody, 1959; Soekawa et al., 1974; Ginsberg and Johnson, 1976) by intracerebral or other peripheral inoculations, and in rabbits and monkeys (Hurst and Fairbrother, 1930; Rivers, Sprunt and Berry, 1933; Hashizume et al., 1973) by intracerebral inoculations. A comparative study of the neurovirulence of vaccinia virus strains has been done recently (Morita et al., 1977) and pathogenicity in the central nervous system was defined as a specific marker of each strain. The observation of the pathogenicity of vaccinia virus after peripheral or extraneural inoculation, however, has not been reported so far in detail. The present study was carried out as a preliminary test for pathogenicity in rabbits of an usual vaccine strain of vaccinia virus administered by peripheral routes. The results suggest the ability of dermotropic vaccinia virus to reach the central nervous system. Possible suitability of this system as an animal model for the pathogenesis of PVE in human cases was suggested and discussed.
MATERIALS AND METHODS

Rabbits:
Weanling ( 
Macroscopic Findings
Gross examinations at autopsy revealed marked congestion in the meningesr partial edema in the parenchyma of the brain and increased stiffness of the lungs in all weanling and 3 of group 2-1 animals. On oral lips, partial reddening and induration were observed at muco-cutaneous junction areas. Foci of partial hemorrhages were seen in the abdominal muscle layer of one rabbit in group 2-1.
Histological Findings
Smears from oral, nasal and ocular secretions and small fragments of organs removed were subjected to histopathological examinations after H.E. staining. Smears collected 3 to 5 days p.i. contained few desquamated epithelial cells, many granulocytes and fluid debris (Fig. 1) . In oral lips, there was a marked change composed of vesicle formation and partial destruction of the epidermal layer, turning into necrosis with infiltration of granulocytes and a few round cells, and the inflammatory foci of cell infiltration were observed in the subepidermal layer ( Figs. 2a and 2b) . These lesions were concentrated in the mucocutaneous junction areas. In the brain, the meninges were the main tissue of changes. The meninges of all six rabbits of Expt. 1 and 3 out of 6 of group 2-1 showed thickening with infiltration of polymorphonuclear leukocytes, lymphocytes and histiocytes and severe congestion or hemorrhage (Fig. 3) . The ependymal layer of the ventricles was partially desquamated or disarranged with infiltration of granulocytes and lymphocytes. In the brain parenchyma, perivascular cuffing and small foci of infiltration by glia cells or lymphocytes, plasma cells and granulocytes were detected to be distributed diffusely in the submeningeal or periventricular areas (Figs. 4, 5 and 6 ). Degeneration or destruction of neurons was detectable but very few in number. Perivascular demyelination was not observed. Edematous loosening of brain substrate was also detected in some parts. Typical interstitial pneumonitis was found in animals of Expt. 1 and group 2-1. Adrenal cortex had marked infiltration of granulocytes and lymphocytes. In one case of group 2-1, Glisson's sheath of the liver showed infiltration of granulocytes and lymphocytes, accompanied by petechial hemorrhages along the abdominal wall.
Immuno fluorescence Findings
Immunofluorescence studies were carried out on all organs of all rabbits to detect the distribution of vaccinia viral antigen(s). Results are summarized in Table I . In the nervous system, specific fluorescence was detected in the meninges (Fig. 7) , choroid plexus and spinal cord, but not in the neurons. In other organs, specific staining was detected in the lung (Fig. 8) , adrenal corte ( Fig. 9) , muscle cells of abdominal wall (Fig. 10) , epidermal layer of oral lips in wedge shape or vesicle formation ( Fig. 1 la and 11b) , hair follicles and smears of oral lip, nasal and ocular secretions (Fig. 12) . No viral antigen was detected in the kidneys or lymphnodes. Deposits of both IgM and IgG were observed in the meninges, choroid plexus and perivascular regions of parenchyma in fair agreements with the distribution of viral antigen.
DISCUSSION
The present experiments were designed to examine the pathogenicity of vaccinia virus inoculated by an extraneural route (intravenous infection) into accompanied with inflammatory cell infiltration and the accumulation of viral antigen(s) along the muco-cutaneous junction areas (Figs . 2, 3 and 11 ) seem to suggest a specifically high sensitivity of this tissue to vaccinia virus infection .
In the central nervous system, the IF study of the brains revealed the appearance of vaccinia antigen in the meninges and choroid plexus , but not in the parenchyma which had many perivascular cuffing and foci of glial or inflammatory cell accumulation. Perivascular demyelination , the most characteristic feature of human PVE, has not been noticed in the rabbit brains in the present experiments. Verlinde (1951) failed to produce demyelination in animal experiments and suggested an indirect role of the vaccinia virus that produces inflammatory lesions in the brain but has no direct action on the myelin sheaths . In monkeys injected intracerebrally, the infectious virus can be recovered at high titers (Hashizume et al., 1972; Morita et al ., 1977) , whereas isolation of vaccinia virus from human PVE cases has been limited (Turnbull and McIntosh , 1926; Angulo et al., 1964; Gurvich et al., 1975) . Despite the positive virus isolation from the diseased brain, Angulo et al. (1964) suggested rather a bigger role of the allergic mechanism from histopathological findings. IF studies by Okudaira et al. (1973) and Kurata et al. (1977) showed the presence of viral antigen(s) in the brain of lethal PVE cases. When these observations in human PVE cases and animal experiments of CNS inoculations are compiled, demonstration of vaccinia antigen by IF in the present experiments in the meninges and choroid plexus of rabbits after intravenous inoculation may be interpreted as suggesting that pathological changes characteristic of PVE should be correlated closely with the activity of infecting virus to cause the production or accumulation of viral antigen in CNS. Comparison of vaccinia virus strains for their capabilities of causing CNS findings after intravenous inoculation into weanling or young adult rabbits may give useful information about the suitability of this system as an animal model of human PVE and may serve for selection of safer vaccine strains to lower the incidence of PVE. Another experiment with the full check of the content of infectious virus in IF-positive tissues should be necessary to make thorough discussion on the pathogenicity or virulence of dermotropic vaccinia virus, after intravenous inoculation.
